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ABSTRACT

This report documents a comparison of life-cycle costs of an assured
isolation facility in Texas versus the life-cycle costs for a traditional below-
ground low-level radioactive waste disposal facility designed for the proposed
site near Sierra Blanca, Texas.
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Comparison of Life-Cycle Costs for Low-Level
Radioactive Waste Management in Texas: Disposal vs.

Assured Isolation

1. INTRODUCTION

Under provisions of the Low-Level Radioactive Waste Policy Amendments Act of 1985
(LLRWPAA) and its predecessor law, states and congressionally-authorized compacts of states have
sought over the past two decades to develop new low-level radioactive waste (LLRW) disposal facilities.
Despite significant and expensive efforts in these endeavors, no such facility has been licensed and
actually constructed under provisions of the LLRWPAA.

In 1995, the U.S. Department of Energy’s National Low-Level Waste Management Program (the
Program) described assured isolation as an alternative approach to safe long-term management of LLRW.
The assured isolation concept involved placing LLRW in a licensed, engineered facility, from which the
waste could be subsequently retrieved for other disposition, if necessary.  The facility was described as
remaining under license as long as radioactive materials were present at the facility.  The conceptual
facility relied on ongoing and continuing inspection, monitoring, and preventive maintenance.  These
assumptions contrasted the assumption for disposal facility licensing that institutional control would be
lost at 100 years following disposal facility closure and that the facility must, thereafter, meet LLRW
disposal performance objectives without reliance on ongoing active measures.

From 1996 through 1998, the Program sponsored a study to estimate the life-cycle costs and
evaluate the economics of assured isolation relative to LLRW disposal.  This investigation responded to a
request from the State of Connecticut to assess the assured isolation concept’s viability (Ch98).  In that
investigation, the characteristics of the assured isolation facility (AIF) and those of the LLRW disposal
facility were constrained to be similar so the results would be comparable.  No effort was made to
optimize the AIF design characteristics in order to minimize life-cycle costs, although it was agreed that
considerable design flexibility exists that could reduce estimated AIF life-cycle costs.

Early in 1999, the Texas Low-Level Radioactive Waste Disposal Authority (the Authority)
requested the Program to sponsor an investigation to optimize principal design characteristics of the AIF
concept and to estimate associated life-cycle costs.  In this investigation, the objective was to consider the
cost saving effects of design changes that could be implemented without compromising the ability of the
AIF to satisfy regulations believed to be applicable (as described in Si98).  The Authority sought life-
cycle cost information that they could compare to life-cycle cost estimates for the Texas LLRW disposal
facility (Ba99a).

The Program contracted with Rogers and Associates Engineering (RAE) to conduct the
investigation the Authority had requested.  The results of that investigation are contained in Ba99b.

This document compares the estimated costs of two LLRW management concepts – near-surface
land disposal using below-ground modular concrete canisters in excavations and assured isolation, using
modular concrete canisters in above-ground concrete structures.  In this report, the principal features of
these two management concepts are summarized and their cost differences identified and compared.
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2. COMPARISON OF FACILITY FEATURES AND LIFE CYCLES

A concerted effort was made to prepare an optimized AIF conceptual design that was similar in its
features and characteristics to those of the proposed Texas LLRW disposal facility.  However, several
conditions existed that precluded perfectly parallel facility features and life cycles.  This chapter
compares the features and life cycles of the AIF and the LLRW disposal facility

2.1 Physical Description

The proposed Texas LLRW disposal facility would be licensed under state regulations that are
compatible with the Nuclear Regulatory Commission’s regulations for land disposal of LLRW.  Title 10
of the Code of Federal Regulations, Part 61 (10 CFR 61).  Under 10 CFR 61, active measures of
inspection and maintenance could not be counted upon for more than 100 years in demonstrating that the
facility would meet its performance objectives during the licensing process.  At some future date, when
regulatory agencies might be satisfied that the facility is performing acceptably, the license might be
terminated.

The disposal facility involved placing waste containers received into modular concrete canisters.
Voids within these canisters would be backfilled with grout.  The closed canisters would be emplaced in a
shallow excavation such that the top of the canisters would be well below site grade.  Voids between
canisters would be backfilled with earthen materials and the entire excavation covered with an
engineered, multi-layer earthen cover system.  The disposal facility would rely primarily on natural
features of the site where the facility was developed to isolate the waste.  The facility would not rely on
active ongoing measures beyond 100 years after facility closure to accomplish its containment functions.

The conceptual AIF design developed for the Program would be licensed as a radioactive materials
facility under Title 10 of the Code of Federal Regulations, Parts 30, 40, and/or 70 (10 CFR 30, 40, and/or
70).  As long as radioactive materials were present at the facility, the facility would remain under active
license and its owners would be accountable to regulatory agencies to properly manage the facility.

The AIF would involve placing waste containers received into modular concrete canisters.  Voids
within these canisters would be backfilled with absorbent, granular material.  The closed canisters would
be emplaced in an above-grade concrete structure designed, constructed, operated, and maintained to
contain the waste under license for hundreds of years.  The facility would accomplish its containment
function through reliance on engineered structures and active inspections and maintenance activities as
long as radioactive materials were present at the facility.

A central concept of the AIF is the preservation of future management options.  If LLRW were
placed in an AIF, provisions would be made in advance for implementing management options in the
future.  Such management options might include recycling, retrieval and subsequent disposal, and
continued management in the AIF.
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The following table summarizes principal features of the LLRW disposal facility and of the AIF.

Characteristic Disposal Facility Assured Isolation Facility

Waste Package Shipping Containers in
Concrete Canisters

Shipping Containers in Concrete Canisters

Waste Management Unit Earthen Excavation Concrete Structure

Weather Protection Engineered Earthen Cover
System

Concrete Structure

Principal Component for
Waste Isolation

Natural Site Features
without Reliance on
Ongoing Activities

Engineered Structure with Active
Inspection, Maintenance, and Repairs as
Needed

Monitoring Systems Environmental Media Facility Components such as Isolation
Unit, Moisture Detection and Collection
Systems

The annual waste receipts that would be managed at either facility were similar for the first 20
years of their lives.  A total of just more than 1 million cubic feet of LLRW was estimated to require
management in the facilities in the first 20 years of facility life.  The annual waste receipt rate was
estimated to range from about 31,000 to about 112,000 cubic feet per year, with an average of about
51,000 cubic feet per year during these 20 years.  In the last 10 years of AIF life (see Section 2.2), the
waste receipt rate was estimated to be about 78,000 cubic feet per year to bring the total amount of waste
requiring management to about 1.8 million cubic feet.

2.2 Life Cycles

The life cycles of the two LLRW management facilities considered in this investigation were not
identical.  They are summarized below:

Life Cycle Period Disposal Facility Assured Isolation Facility

Pre-Operations 8 years 5 years

Operations 20 years 30 years

Inspection and Preventive
Maintenance

No more than 100 years for
licensing purposes

At least 300 years or as long as
radioactive materials are present in the
facility

Post-Institutional Control
Custodial Maintenance

Centuries None—Facility will remain under license
as long as radioactive materials are
present in the facility.

The shorter Pre-Operations period for the AIF is based on the expectation that disposal facility site
characterization will take longer to complete.  Furthermore, it is expected that public opposition to the
development of the AIF will not be as active or intense as with the disposal facility.
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2.3 Adjustments to Estimated Disposal Costs to Allow Comparison
with AIF Cost Estimates

Estimated costs for the disposal facility differed from those for the AIF in at least two ways:
pre-operating costs and liability insurance premiums.  Adjustments were made to allow these two cost
estimates to be compared.  These adjustments are described in the following sections.  The original cost
estimate is summarized in Appendix A and its details are presented in Appendix B.

2.3.1 Pre-Operating Costs

In estimates of disposal facility operating costs, the costs needed to develop the disposal facility
were not included.  Since pre-operating costs were included in the AIF cost estimates, an adjustment was
required before a reasonable comparison of life-cycle costs could be made.

The Authority incurred costs over an eight-year period from 1992 through 1999.  For reasons stated
in Design Study and Cost Estimate for an Assured Isolation Facility in Texas (Ba99b), a shorter
development or pre-operating period for AIF was considered justifiable.  The AIF pre-operating period
was estimated to last only six years.  The spending profile for AIF was assumed to be the same as that of
the first five years of the disposal facility development.  In the sixth year, costs to construct and startup
the AIF were taken to be identical to the estimated costs to construct and startup the disposal facility.  The
profile of annual costs to develop the optimized AIF was thus estimated to be as follows:

Year

Site
Development Costs

($000)

Facility
Construction
and Startup

Cost
($000)

1 $1,555

2 2,937

3 1,357

4 1.021

5 1,961

6 $7,913

TOTALS $8,831 $7,913

The adjustment made to the earlier disposal facility cost estimate for pre-operating costs was taken
to be the AIF profile of pre-operating costs.  The estimated AIF pre-operating cost of $16.7 million was
smaller than the historical disposal facility costs by about $1.7 million, which were the Authority’s actual
cost in years 6 and 7.  The estimated AIF pre-operating costs are believed to be conservatively large.

Because the pre-operating costs are based on historical costs, their escalated costs are less and their
present values are greater than their constant-dollar equivalents, contrary to expectations for costs
incurred in the future.  The escalated costs totaled $15.5 million, while present values totaled $19.1
million.



5

2.3.2 Liability Insurance

The disposal facility cost estimate made no allowance for liability insurance, as did the AIF cost
estimate.  To make the estimates comparable, the annual liability premium of $50,000 was added to the
costs estimated earlier for the disposal facility.  This added a total of about $1.5 million (constant dollars)
over the disposal facility’s 30-year life (or $1.0 million in constant dollars over the first 20 years of
disposal facility life).
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3. ECONOMIC COMPARISON

Several summary-level indicators of economic performance of the disposal facility and the AIF are
summarized in Table 3-1.  The principal comparison of this table is of the first 20 years of the AIF
operating period.  Costs for the full 30 years of AIF waste acceptance are included for continuity (Ba99b).

Table 3-1.  Comparison of LLRW disposal facility and AIF costs.

Indicator

LLRW
Disposal
Facility

20-Year Costs

Assured
Isolation
Facility

20-Year Costs

AIF 20-Year
Costs As

Percent Of
Disposal
Facility

20-Year Costs

Assured
Isolation
Facility

30-Year Costs

Total Cost

   Constant Dollar $160,000,000 $280,000,000 175% $436,000,000

   Escalated Dollar $220,000,000 $370,000,000 168% $640,000,000

   Present Value $150,000,000 $230,000,000 153% $318,000,000

Total Volume (cf) 1,019,188 1,019,188 1,800,000

Escalated Dollar Unit
Charge

   Initial $136 per cf $187 per cf 138% $187 per cf

   Minimum $133 per cf $187 per cf 140% $187 per cf

   Maximum $344 per cf $670 per cf 195% $670 per cf

   Escalated

      Cost Divided

      by Total Volume

$232 per cf $362 per cf 156% $358 per cf

Present Value Unit
Charge

   Initial $136 per cf $187 per cf 138% $187 per cf

   Minimum $96 per cf $130 per cf 135% $84 per cf

   Maximum $223 per cf $420 per cf 189% $420 per cf

   Present
      Value Divided
      by Total Volume

$146 per cf $230 per cf 158% $177 per cf
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This summary clearly shows that the various AIF total costs are estimated to be 50 to 75 percent
greater than those of the disposal facility.  AIF unit charges range from 135 to 195 percent of
corresponding disposal facility unit charges.

A few important facts cause the estimated costs of the AIF to be more than those for the disposal
facility.  The single most significant fact is the requirement to accumulate a financial assurance fund of
sufficient magnitude to ensure that (1) up to 300 years of inspection and preventive maintenance will be
funded, and (2) waste can be retrieved and transferred to another facility after 100 years in the AIF.  In the
first year of AIF operation, this requirement adds about $5.6 million to the cost of facility operation.  This
increment alone increases the cost for that year by over 50 percent. This requirement continues in
subsequent years to significantly increase the costs that must be recovered through facility revenues.

Other reasons AIF costs exceed those of disposal include:

• As permitted by rule, disposal facility life-cycle cost estimates include no allowance
for retrieving and re-disposing of waste

• Increased construction costs (more costs for reinforced concrete structures, although
less for excavation)

• Increased utility costs (because air inside the AIF must be conditioned)

• Assumed increased monitoring intensity (consistent with the AIF commitment to
actively monitor and maintain the facility)

Since incentive payments to the host community (10 percent of total revenues) and contingency
allowance (20 percent of estimated costs) are scaled from other costs, these items also contribute to the
increased costs of the AIF, relative to those of disposal.

The 30-year values for AIF are taken from the AIF design report (Ba99b) to provide continuity
between that report and this comparison.  Because the 30-year volumes are greater than the 20-year
volumes by 70 to 80 percent, the 30-year estimated costs, as expected, exceed the 20-year estimated costs.
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Table A-1.  Summary of estimated Texas disposal facility life-cycle costs.

Cost Component
Million of 1997

Dollars
Percent
Subtotal

Class A Disposal Unit Costs 55.0 46.6

Payroll 22.8 19.3

Construction Equipment Lease/Purchase 13.7 11.6

Utilities and Consumables 5.6 4.8

Authority Administration 4.8 4.1

Post-Closure Maintenance Fund 4.5 3.8

Class B/C Disposal Unit Costs 4.4 3.7

All Others 7.2 6.1

Subtotal Costs 118.0 100.0

Contingency Allowance 11.4 9.7

Incentive Payments 12.9 10.9

Total Estimated 20-Year Cost 142.4 120.7
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Appendix B

"Texas Life-Cycle Cost Study";
Cost Estimate Spreadsheets
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Projected Dispo Variable Const Fixed Const Total Constant

Year Volume (cf) $ Costs $ Costs Dollar Costs

2,000 86,553 $6,751,112 $3,108,455 $9,859,567

2,001 111,979 $8,734,392 $3,108,455 $11,842,847

2,002 59,396 $4,632,893 $3,108,455 $7,741,348

2,003 36,328 $2,833,562 $3,108,455 $5,942,017

2,004 36,754 $2,866,842 $3,108,455 $5,975,297

2,005 34,171 $2,665,343 $3,108,455 $5,773,798

2,006 36,103 $2,816,012 $3,108,455 $5,924,467

2,007 36,529 $2,849,292 $3,108,455 $5,957,747

2,008 33,946 $2,647,793 $3,108,455 $5,756,248

2,009 32,938 $2,569,142 $3,108,455 $5,677,597

2,010 33,529 $2,615,292 $3,108,455 $5,723,747

2,011 31,111 $2,426,663 $3,108,455 $5,535,118

2,012 33,208 $2,590,202 $3,108,455 $5,698,657

2,013 36,362 $2,836,242 $3,108,455 $5,944,697

2,014 82,325 $6,421,321 $3,108,455 $9,529,776

2,015 75,326 $5,875,438 $3,108,455 $8,983,893

2,016 68,061 $5,308,731 $3,108,455 $8,417,186

2,017 57,785 $4,507,245 $3,108,455 $7,615,700

2,018 52,025 $4,057,927 $3,108,455 $7,166,382

2,019 44,759 $3,491,219 $3,108,455 $6,599,674

20 Yr Total 1,019,188 $79,496,664 $62,169,100 $141,665,764

Actual ==> $142,361,741

6/27/00
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Varying Fixed

Annual Disposal Disposal Unit Fixed-Variable Variable Operations Heavy Eq Variable Variable Variable Variable All Other Variable Cost Other Fixed +
Rate (cf) Variable Costs Costs Costs Worker Operator Mechanic Payroll Equipment Maintenance Training Fixed Costs Equation Fixed Base

0 $0 $1,878,539 $1,878,539 2 1 1 $1,260,197 $560,006 $26,402 $31,933 $1,220,723 $3,099,263
2,000 $141,063 $9,768 $150,831 2 1 1 $0 $8,903 $865 $0 $1,220,723 $134,000 $3,099,263
4,000 $282,125 $19,537 $301,662 2 1 1 $0 $17,806 $1,730 $0 $1,220,723 $268,000
6,000 $423,188 $29,305 $452,493 2 1 1 $0 $26,710 $2,595 $0 $1,220,723 $402,000
8,000 $564,251 $39,073 $603,324 2 1 1 $0 $35,613 $3,461 $0 $1,220,723 $536,000
10,000 $705,313 $48,842 $754,155 2 1 1 $0 $44,516 $4,326 $0 $1,220,723 $670,000
12,000 $846,376 $58,610 $904,986 2 1 1 $0 $53,419 $5,191 $0 $1,220,723 $804,000
14,000 $987,439 $68,378 $1,055,817 2 1 1 $0 $62,322 $6,056 $0 $1,220,723 $938,000
16,000 $1,128,501 $78,147 $1,206,648 2 1 1 $0 $71,225 $6,921 $0 $1,220,723 $1,072,000
18,000 $1,269,564 $87,915 $1,357,479 2 1 1 $0 $80,129 $7,786 $0 $1,220,723 $1,206,000
20,000 $1,410,627 $97,683 $1,508,310 2 1 1 $0 $89,032 $8,652 $0 $1,220,723 $1,340,000
22,000 $1,551,689 $107,452 $1,659,141 2 1 1 $0 $97,935 $9,517 $0 $1,220,723 $1,474,000
24,000 $1,692,752 $117,220 $1,809,972 2 1 1 $0 $106,838 $10,382 $0 $1,220,723 $1,608,000
26,000 $1,833,815 $210,267 $2,044,081 3 2 1 $80,376 $115,741 $11,247 $2,902 $1,220,723 $1,742,000
28,000 $1,974,877 $220,035 $2,194,912 3 2 1 $80,376 $124,645 $12,112 $2,902 $1,220,723 $1,876,000
30,000 $2,115,940 $229,803 $2,345,743 3 2 1 $80,376 $133,548 $12,977 $2,902 $1,220,723 $2,010,000
32,000 $2,257,003 $239,572 $2,496,574 3 2 1 $80,376 $142,451 $13,842 $2,902 $1,220,723 $2,144,000
34,000 $2,398,065 $249,340 $2,647,405 3 2 1 $80,376 $151,354 $14,708 $2,902 $1,220,723 $2,278,000
36,000 $2,539,128 $259,108 $2,798,236 3 2 1 $80,376 $160,257 $15,573 $2,902 $1,220,723 $2,412,000
38,000 $2,680,191 $268,877 $2,949,067 3 2 1 $80,376 $169,160 $16,438 $2,902 $1,220,723 $2,546,000
40,000 $2,821,253 $278,645 $3,099,898 3 2 1 $80,376 $178,064 $17,303 $2,902 $1,220,723 $2,680,000
42,000 $2,962,316 $288,413 $3,250,729 3 2 1 $80,376 $186,967 $18,168 $2,902 $1,220,723 $2,814,000
44,000 $3,103,379 $298,182 $3,401,560 3 2 1 $80,376 $195,870 $19,033 $2,902 $1,220,723 $2,948,000
46,000 $3,244,441 $307,950 $3,552,391 3 2 1 $80,376 $204,773 $19,898 $2,902 $1,220,723 $3,082,000
48,000 $3,385,504 $317,718 $3,703,222 3 2 1 $80,376 $213,676 $20,764 $2,902 $1,220,723 $3,216,000
50,000 $3,526,567 $366,556 $3,893,122 4 2 1 $118,044 $222,580 $21,629 $4,303 $1,220,723 $3,350,000
52,000 $3,667,630 $376,324 $4,043,953 4 2 1 $118,044 $231,483 $22,494 $4,303 $1,220,723 $3,484,000
54,000 $3,808,692 $386,092 $4,194,784 4 2 1 $118,044 $240,386 $23,359 $4,303 $1,220,723 $3,618,000
56,000 $3,949,755 $395,861 $4,345,615 4 2 1 $118,044 $249,289 $24,224 $4,303 $1,220,723 $3,752,000
58,000 $4,090,818 $405,629 $4,496,446 4 2 1 $118,044 $258,192 $25,089 $4,303 $1,220,723 $3,886,000
60,000 $4,231,880 $415,397 $4,647,277 4 2 1 $118,044 $267,095 $25,955 $4,303 $1,220,723 $4,020,000
62,000 $4,372,943 $425,166 $4,798,108 4 2 1 $118,044 $275,999 $26,820 $4,303 $1,220,723 $4,154,000
64,000 $4,514,006 $434,934 $4,948,939 4 2 1 $118,044 $284,902 $27,685 $4,303 $1,220,723 $4,288,000
66,000 $4,655,068 $444,702 $5,099,770 4 2 1 $118,044 $293,805 $28,550 $4,303 $1,220,723 $4,422,000
68,000 $4,796,131 $454,471 $5,250,601 4 2 1 $118,044 $302,708 $29,415 $4,303 $1,220,723 $4,556,000
70,000 $4,937,194 $464,239 $5,401,432 4 2 1 $118,044 $311,611 $30,280 $4,303 $1,220,723 $4,690,000
72,000 $5,078,256 $474,007 $5,552,263 4 2 1 $118,044 $320,514 $31,145 $4,303 $1,220,723 $4,824,000
74,000 $5,219,319 $567,054 $5,786,373 5 3 1 $198,420 $329,418 $32,011 $7,205 $1,220,723 $4,958,000
76,000 $5,360,382 $576,822 $5,937,204 5 3 1 $198,420 $338,321 $32,876 $7,205 $1,220,723 $5,092,000
78,000 $5,501,444 $586,590 $6,088,035 5 3 1 $198,420 $347,224 $33,741 $7,205 $1,220,723 $5,226,000
80,000 $5,642,507 $596,359 $6,238,866 5 3 1 $198,420 $356,127 $34,606 $7,205 $1,220,723 $5,360,000
82,000 $5,783,570 $606,127 $6,389,697 5 3 1 $198,420 $365,030 $35,471 $7,205 $1,220,723 $5,494,000
84,000 $5,924,632 $615,895 $6,540,528 5 3 1 $198,420 $373,934 $36,336 $7,205 $1,220,723 $5,628,000
86,000 $6,065,695 $625,664 $6,691,359 5 3 1 $198,420 $382,837 $37,201 $7,205 $1,220,723 $5,762,000
88,000 $6,206,758 $635,432 $6,842,190 5 3 1 $198,420 $391,740 $38,067 $7,205 $1,220,723 $5,896,000
90,000 $6,347,820 $645,200 $6,993,021 5 3 1 $198,420 $400,643 $38,932 $7,205 $1,220,723 $6,030,000
92,000 $6,488,883 $654,969 $7,143,852 5 3 1 $198,420 $409,546 $39,797 $7,205 $1,220,723 $6,164,000
94,000 $6,629,946 $664,737 $7,294,683 5 3 1 $198,420 $418,449 $40,662 $7,205 $1,220,723 $6,298,000
96,000 $6,771,008 $674,505 $7,445,514 5 3 1 $198,420 $427,353 $41,527 $7,205 $1,220,723 $6,432,000
98,000 $6,912,071 $806,621 $7,718,692 6 4 2 $316,465 $436,256 $42,392 $11,508 $1,220,723 $6,566,000

100,000 $7,053,134 $816,389 $7,869,523 6 4 2 $316,465 $445,159 $43,258 $11,508 $1,220,723 $6,700,000
102,000 $7,194,196 $826,158 $8,020,354 6 4 2 $316,465 $454,062 $44,123 $11,508 $1,220,723 $6,834,000
104,000 $7,335,259 $835,926 $8,171,185 6 4 2 $316,465 $462,965 $44,988 $11,508 $1,220,723 $6,968,000
106,000 $7,476,322 $845,694 $8,322,016 6 4 2 $316,465 $471,869 $45,853 $11,508 $1,220,723 $7,102,000
108,000 $7,617,384 $855,463 $8,472,847 6 4 2 $316,465 $480,772 $46,718 $11,508 $1,220,723 $7,236,000
110,000 $7,758,447 $865,231 $8,623,678 6 4 2 $316,465 $489,675 $47,583 $11,508 $1,220,723 $7,370,000
112,000 $7,899,510 $874,999 $8,774,509 6 4 2 $316,465 $498,578 $48,448 $11,508 $1,220,723 $7,504,000
114,000 $8,040,572 $884,768 $8,925,340 6 4 2 $316,465 $507,481 $49,314 $11,508 $1,220,723 $7,638,000
116,000 $8,181,635 $894,536 $9,076,171 6 4 2 $316,465 $516,384 $50,179 $11,508 $1,220,723 $7,772,000
118,000 $8,322,698 $904,304 $9,227,002 6 4 2 $316,465 $525,288 $51,044 $11,508 $1,220,723 $7,906,000
120,000 $8,463,760 $914,073 $9,377,833 6 4 2 $316,465 $534,191 $51,909 $11,508 $1,220,723 $8,040,000
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